Experiencing a momentous or noteworthy event can lead one to recount the story repeatedly. Each subsequent retelling can be considered a recall test, in which recollection of the experienced event is blended with the occasional inference (in the service of telling a coherent story) or embellishment (with the goal of spicing up the story to hold the attention of the listener; see Tversky & Marsh, 2000) . How do such retellings influence one's later memory for the original event? Do embellishments become incorporated into memory? Of interest in the present report is how repeated retrieval attempts may alter one's memory for related events that did not actually occur. Specifically, memory for encoded information and for associatively related (but not presented) information is examined as a function of whether (and how often) the event was recalled in the intervening retention interval.
Experiencing a momentous or noteworthy event can lead one to recount the story repeatedly. Each subsequent retelling can be considered a recall test, in which recollection of the experienced event is blended with the occasional inference (in the service of telling a coherent story) or embellishment (with the goal of spicing up the story to hold the attention of the listener; see Tversky & Marsh, 2000) . How do such retellings influence one's later memory for the original event? Do embellishments become incorporated into memory? Of interest in the present report is how repeated retrieval attempts may alter one's memory for related events that did not actually occur. Specifically, memory for encoded information and for associatively related (but not presented) information is examined as a function of whether (and how often) the event was recalled in the intervening retention interval.
Prior Testing Enhances the Amount of Accurate Information Later Remembered
The idea that an initial memory test can help to immunize against forgetting has a long history. This phenomenon is known as the testing effect (Glover, 1989; Spitzer, 1939) . To the extent that a retrieval episode is an important determinant of later memory performance, the number of retrieval tests (not simply the presence or absence of an initial retrieval) should exert an influence on later memory. This, too, has been investigated. For example, Glover found that the greater the number of initial tests taken, the greater the enhancement to a final criterial test of free recall, at least when the initial tests were spaced apart. Wheeler and Roediger (1992) showed that spacing out the initial tests is not necessary, although they investigated forced recall (not free recall). That is, after studying 60 pictures, subjects were required to produce 60 responses (corresponding to names of the pictures) during the initial and the final criterial tests. The likelihood of later producing a name corresponding to a studied picture was greatest in a condition in which three initial tests had been taken, intermediate in a one-test condition, and lowest in a notest condition. The use of forced recall in the final criterial test, however, makes interpretation of these results difficult. Were the subjects on the final forced recall test simply producing more studied items after having taken more tests (due to increased guessing or other non-memory-based processes), or were these responses based on an increase in recollection of having seen those items?
The testing effect is the finding that taking an initial test enhances the likelihood of later recall. The present report examines the extent to which this benefit of testing comes with a cost: an enhanced likelihood of erroneously recalling incorrect information. Subjects were given short lists of semantic associates (e.g., hill, valley, climb) ; each list converged upon a related nonpresented word (e.g., mountain). After presentation of some lists, the subjects received no initial test; after others, one initial free recall test; and after others, three successive free recall tests. The probabilities of final free recall (and the probability of reporting vivid recollection of the moment of encoding) of both studied and related, nonstudied words (e.g., mountain) were highest when three initial tests had been taken, intermediate following one initial test, and lowest when no initial test had occurred. The beneficial effects of testing carry the cost of increases in erroneous memory for related information.
that when misleading postevent information was followed by an initial test, the later acceptance of that misinformation as having been experienced was enhanced (relative to a condition in which no initial test occurred). Similar findings have been reported in the semantic memory domain (Bacon, 1979; Brown, Schilling, & Hockensmith, 1999) . Roediger and McDermott (1995) showed that the testing effect could occur for false recognition in the absence of any overt misleading information. After studying 15 semantic associates (e.g., hill, valley, climb) , people either took an initial free recall test (see Deese, 1959) or performed a distractor task. On a subsequent final recognition test covering multiple lists, the false alarm rate for related, nonstudied associates (e.g., mountain) and the hit rate were enhanced for the condition in which a prior test had occurred. Furthermore, the likelihood of claiming to be able to remember the specific instance of presentation of the nonpresented word (in the remember/know paradigm; Tulving, 1985) was enhanced by prior testing. One cautionary note, though, is that the replicability of this finding has been variable (e.g., Norman & Schacter, 1997; Payne, Elie, Blackwell, & Neuschatz, 1996; Roediger, McDermott, Pisoni, & Gallo, 2004; Schacter, Verfaellie, & Pradere, 1996; Spitzer, 1939) , despite the fact that multiple other findings from this article have been replicated dozens of times (see McDermott & Watson, 2001; Roediger, McDermott, & Goff, 1997; Roediger, McDermott, & Robinson, 1998) . The effect of an initial free recall test on later false recognition of semantic associates appears intermittently.
Using a variant of the procedure described above (sometimes referred to as the DRM procedure), McDermott (1996) showed that on a final free recall test given 2 days after initial encoding, the likelihood of recalling a nonstudied associate (e.g., mountain) was twice as great when a test had occurred after encoding of each list than when it had not. The effect here was robust, which may be attributable to the use of free recall as the final criterial measure (instead of recognition; Darley & Murdock, 1971; Richardson, 1985; Runquist, 1983) .
If the effects of a single test on later false memory have been variable, what about manipulations of the number of initial tests? This question is not well studied and is the primary focus on the present experiment. Henkel (2004) showed that when people were asked to imagine having perceived pictures and were then given successive recall tests, the likelihood of mistakenly classifying previously imagined items as having been perceived increased (see, also, Goff & Roediger, 1998; also, Hyman, Husband, & Billings, 1995) . Hence, Henkel concluded that "repeated attempts at remembering . . . may create a fertile environment for source misattributions" (p. 27), which could include remembering what was only thought, inferred, or imagined as having overtly occurred (Johnson, Hashtroudi, & Lindsay, 1993) .
Changes in Recall Also Occur Across Successive Initial Tests
Although initial testing has been discussed thus far as an independent variable-with the number of prior tests being manipulated and examined on a final criterial testone can also examine how recall patterns change across those initial recall tests in the conditions in which multiple tests occur. The probability of accurate recall sometimes increases across initial tests, a phenomenon known as hypermnesia (Erdelyi & Becker, 1974; Payne, 1987; Roediger & Thorpe, 1978) . Preliminary evidence suggests that a similar finding can occur for related, nonpresented information as well (Payne et al., 1996) .
One concern with studies investigating hypermnesia, or the increase in recall across successive, identical tests, is that subjects may loosen their criteria across tests. That is, by the third test, what is reported may be some blend of what is recalled and what seems like a reasonable guess. This concern is not so much relevant to the issue of looking at the effects of initial recall on later recall but is of critical importance in trying to interpret effects across the initial tests.
One potential solution is to give forced recall tests (Erdelyi & Becker, 1974) , on which people are required to produce a fixed number of items on the recall test, even if that process entails making educated guesses. Although this procedure makes sense from a methodological perspective-to control recall criteria-it points to an interesting question: What is the effect of knowingly embellishing and guessing on later recall? Does generation of guesses lead to later source-monitoring difficulties, with the number of times one guesses enhancing the likelihood of later false memory?
The Goals of the Present Experiment
The experiment reported herein was designed to examine the effect of repeated retrieval attempts on the likelihood of later memory for nonpresented items. Specifically, the number of initial tests given to the subjects after each list (zero, one, or three) was manipulated, followed by a final free recall test. The primary question of interest was whether recall of the nonpresented associates would vary with prior testing history.
Also of interest was whether requiring subjects to guess (i.e., to produce 15 words) on the initial (one or three) tests would exacerbate the effects of testing on later false recall (relative to the case in which the initial tests were free recall tests, with warnings against guessing). Prior work in other paradigms has suggested that guessing initially can increase the likelihood of later false recall (Ackil & Zaragoza, 1998; Henkel, 2004; Roediger et al., 1996; Roediger, Wheeler, & Rajaram, 1993) .
A third goal was to explore whether prior testing would affect peoples' likelihood of claiming to be able to vividly recollect the specific moment of presentation of studied and of related yet nonstudied words. A variant of the remember/ know procedure was used (Tulving, 1985; see Gardiner & Richardson-Klavehn, 2000 , for a review). Unlike most experiments in which the remember/know procedure has been used, we used this procedure with free recall, instead of recognition (see, also, Hamilton & Rajaram, 2003; Tulving, 1985) . Recently, Hamilton and Rajaram have demonstrated that not all recalled words on a free recall test are given remember responses and have argued that this procedure could be used in an effort to purify measures of recollection (by simply looking at responses claimed to be remembered).
METHOD Subjects
Sixty-four undergraduate students participated for credit toward a course research requirement.
Design and Materials
A 3 (number of initial tests: zero, one, or three; within-subjects) ϫ 2 (recall instructions: free or forced; between-subjects) mixed design was used.
Twenty-four lists of semantic associates from Roediger and McDermott's (1995) article served as materials. Lists were divided into four groups of six for counterbalancing purposes; each set of six lists was rotated through the four conditions (not presented at study, presented once but not tested, presented once and tested once, and presented once and tested thrice) an equal number of times across subjects. Lists were recorded digitally in a female voice in such a way that the average presentation time for each list of 15 words was 15.6 sec (ranging from 14.5 to 17.5 sec). The lists were presented via stereo speakers.
Procedure
Within each experimental session, 5 subjects or fewer were tested. Initial tests. The subjects were told that they would hear 18 short lists of words presented via computer speakers and were asked to pay close attention to the lists, because their memory for the lists would sometimes be tested (from one to three times). A 30-sec distractor task followed each list (to eliminate the recency effect; Glanzer & Cunitz, 1966) ; during this 30-sec task, the subjects were required to count the number of even digits in an auditory sequence. Following this task, the subjects heard either the next list (in the no-test condition) or the word "recall," signaling them to recall the last list that they had heard. The subjects did not know whether a given list would be tested until after the distractor task.
In the free recall condition, the experimenter stressed to the subjects that they should recall as many words as possible without guessing. Ninety seconds into the recall period, they heard a tone, which signaled that they had only 30 sec remaining and that they should draw a line under the last word produced thus far and continue to try to recall more words.
The subjects in the forced recall group were instructed to spend the first 1.5 min recalling only words presented in the immediately preceding list. The tone occurring after 90 sec was their signal to draw a line and begin guessing, producing words that could plausibly have been present in the list. They were asked to generate as many guesses as necessary to fill in all 15 slots. Note that both the free and the forced recall groups performed identical tasks for the first 90 sec of the recall period for each list; the groups differed only in the aim of the final 30 sec of each recall period.
The subjects were further told that sometimes, upon completing a recall test, they would be asked to recall the list again for another 2 min and that they would sometimes recall a list as many as three successive times without any further presentations of the list or any feedback. It was stressed that the entire allotted time should be used for recall. On every test, a tone sounded when 30 sec remained, at which time the subjects drew a line under the last word recalled. The one-test and three-test conditions differed only in that following Test 1, people were sometimes asked to recall the list again and sometimes moved on to the next study list. It was never stated that a third initial test always followed the second, but it was indeed the case that no two-test condition was used.
Final free recall. After presentation of the 18 lists and the accompanying recall sessions, the subjects received instructions for the final free recall test and an explanation of the remember/know distinction.
All the subjects were given 15 min in which they were to recall all the words they could retrieve from the study lists but were not to guess. In addition, as the subjects recalled the words, they were asked also to classify each word with respect to whether they remembered its original occurrence in the lists or they simply knew it had occurred (Rajaram, 1993; Tulving, 1985) . Detailed instructions and examples were given to ensure that the subjects understood the distinction. In summary, the subjects were told that remember judgments should be reserved for words for which they held a specific, vivid memory of the occurrence of the word on the speakers. For example, they were told that if they recollected something distinctive in the speaker's voice when she said the word or if they recalled the word that had preceded or followed it, they should place an R (for remember) by the word. If, however, they were certain that a word had occurred on the list but lacked the feeling of being able to mentally reexperience the exact moment of presentation, they should place a K (for know) beside the word. It was emphasized that the remember/know distinction should be made with respect to the original presentation episode (i.e., the question was not whether the subjects remembered or knew they had previously recalled the word). The subjects were encouraged to ask questions to clarify the remember/know distinction.
The entire experimental session took approximately 1 h 45 min.
RESULTS
The primary data of interest are the final free recall probabilities for the various test conditions. Data from initial recall tests, although primarily an independent variable, will also be reported in brief. The alpha level was set at p Ͻ .05, and partial eta squared ( pes) indicates effect size.
Initial Tests
First, the data from the free recall portion (the data from the first 90 sec) for the conditions in which three successive initial tests were taken will be considered. 1 The free/forced variable exerted no significant effects (and entered into no interactions) for the first 90 sec, and therefore, the data in Table 1 collapse across this variable. Studied words were recalled more often than nonstudied associates [p ϭ .57 and .48, respectively; F(1,62) ϭ 6.84, pes ϭ .10]. More important, an interaction appeared such that the likelihood of recalling studied words decreased slightly across Tests 1-3, whereas the opposite pattern occurred for critical nonstudied associates [F(2,124) ϭ 6.93, pes ϭ .10].
Next, the increment in recall for the various conditions in the final 30 sec of the recall periods (not shown in Table 1 ) will be considered. The expected finding was obtained: The subjects in the forced recall condition produced the critical nonstudied associates with a high probability (.26) during the last 30 sec of the recall period, when they were asked to guess. They did not, however, generate many more studied items in this period (.06). Furthermore, the subjects in the free recall condition did not produce many items during these last 30 sec (less than .01 proportion of studied and critical items).
Final Free Recall
The effect of number of tests on final recall was of primary interest. As can be seen in Figure 1 , testing history did affect the likelihood of recall of both studied words and critical nonstudied associates. The probability of recalling a studied word from a list not previously tested, tested once, or tested three successive times was .21, .33, and .44, respectively. The probability of recalling a critical nonstudied associate from the zero, one, or three prior test conditions was .27, .35, and .37. Thus, testing had a profound effect on the likelihood of later recall. This pattern appeared both for the subjects who had previously been asked to generate guesses on the initial recall tests (the forced recall condition) and for the subjects who had been cautioned against guessing (the free recall condition); for this reason, Figure 1 collapses The remember responses will now be considered. Recall that the subjects were asked to assign a remember or know tag to each recalled word. Remember responses were to be reserved for situations in which the person could vividly recollect the presentation of the word during the study phase (i.e., not whether they remembered having recalled it on a prior test). To the extent that remember judgments tap the same recollective processes as free recall, we would expect to obtain almost exclusively remember responses; furthermore, we would expect the independent variable to exert qualitatively similar effects on the remembered words and on the overall free recall data. Due to difficulties with independence assumptions surrounding remember/know data, the know data are not analyzed; instead, remembering is examined as a purified form of recollection. Figure 2 shows the proportion of words both recalled and given remember judgments as a function of number of prior tests and item type. The probability of a remember judgment increased with prior testing (.14, .20, .28 for studied items and .13, .13, .22 for nonstudied associates for the zero, one, and three prior testing conditions, respectively). The lack of a difference in remember judgment for nonstudied associates as a function of whether no or one initial test had occurred is puzzling, and replication is probably warranted before too much is made of this null effect.
A 3 ϫ 2 ϫ 2 ANOVA comparable to that done on the overall recall data was performed on the remember data. This analysis manifested a reliable main effect of number of prior tests [F(2,124) ϭ 25.84, pes ϭ .29], a reliable main effect of item type [F(1,62) ϭ 6.80, pes ϭ .10], and an interaction between item type and number of prior tests [F(2,124) ϭ 4.15, pes ϭ .06]. The greater the number of tests intervening between the encoding and the final retrieval episodes, the higher the probability that people would claim to be able to remember the initial study episode (probabilities of .14, .17, and .25 for zero, one, and three prior tests, respectively). Furthermore, the subjects were more likely to claim to remember the moment of presentation of studied words (.21) than of nonstudied associates (.16). The interaction of the two variables emerged because the effect of prior testing was greater for studied words than for nonstudied associates. An examination of simple effects showed that the number of prior tests exerted a reliable effect on both studied words [F(2,124) ϭ Contingency analyses reveal much the same picture. For example, consider the words recalled on the final test after three initial free recall tests had been taken. Often, they had been produced on all three initial tests ( p ϭ .92 and .80 for studied words and nonstudied associates, respectively); rarely did words appear on the final recall test without first being recalled on at least one of the three initial tests ( p ϭ .01 and .08 for studied words and nonstudied associates, respectively). These data, too, suggest that the link between initial recall and final recall, although similar for studied and critical nonstudied associates, was tighter for studied words. That is, final free recall of nonstudied associates was less tied to whether the individual word had been initially recalled than was final free recall of studied words. Similar conclusions hold when remember and know contingency data are examined.
DISCUSSION
Five key findings emerged from this data set. First, the number of initial recall tests taken influenced the likelihood that the subjects would later recall words that had been studied and, importantly, words semantically associated to studied words but that were not themselves studied. Second, an examination of the proportion of words that the subjects claimed to be able to recollect from the initial study episode (i.e., those receiving remember judgments) showed qualitatively the same pattern: Prior testing enhanced the likelihood of reports of remembering, for both studied and related, nonstudied words. Third, the effect of prior tests was more pronounced for studied words than for nonstudied associates (when measured both by recall probability and by remember judgments). Fourth, the remember/know data for free recall revealed that the subjects did not claim to be able to recollect the presentation of every word recalled; instead, they gave the alternative, know judgments, with a moderate frequency. Fifth, in the condition in which the subjects took three initial tests, forgetting across the three tests was observed for studied words, whereas the critical nonstudied associates were recalled with increasing frequency across tests. The relation of these findings to those in the literature and the broader implications of this work will now be considered.
The finding that taking a test enhances the likelihood of later recognition endorsement has been variable and inconsistent with respect to both accurate recognition (Darley & Murdock, 1971 ) and false recognition of related lures . The finding that testing affects later recall, however, has been more readily exhibited for both accurate recall (Darley & Murdock, 1971 ) and false recall (McDermott, 1996) . Roediger et al. (1998) have suggested that effects of testing are likely present in both cases but are much more easily observed on free recall tests, which are often more sensitive measures than are recognition tests. The present results extend prior work by showing that it is not mere presence/absence of testing that matters but that the number of tests taken mediates the effect.
An unexpected finding was that forcing guesses on initial tests did not influence later probabilities of recall. It had been anticipated that encouraging the subjects to guess (in the forced recall condition) would enhance the likelihood that they would later recall their guesses as having been studied (Ackil & Zaragoza, 1998; Henkel, 2004; Payne et al., 1996; Roediger et al., 1993) and may have exacerbated the effects of prior testing. In hindsight, the specific version of forced recall used may have been crucial. Instead of the typical forced recall procedure, in which subjects are given a certain amount of time to recall a given amount of information (even if guessing is required), a slightly different procedure was used in the present experiment. That is, the subjects were asked to perform free recall for the first 90 sec and then to guess, as needed, for the final 30 sec in order to fill in a total of 15 words. The process of withholding guesses until the final 30 sec and demarcating those guesses may have helped the subjects tag guesses as such, so that those guesses were later less confusable with studied words than they would have been if the guessing had been intermixed with recollection throughout the recall period (see Henkel, 2004 , for a similar idea).
One might wonder why this specific forced recall procedure was utilized. The idea was that a comparison of the tests for the three-test condition might have produced interesting data whereby the subjects would (for example) have guessed mountain on Test 1 (in the last 30 sec of the recall period) and then transferred that response to the beginning (free recall) portion of their recall on the second and third tests. This pattern of greater increases in false recall on Tests 2 and 3 for the forced recall group than for the free recall group was not observed, however.
A finding that at first glance may appear surprising is that no hypermnesia was found (for studied items) across .4
.5
Probability of a "Remember" Judgment
No prior tests 1 prior test 3 prior tests the initial three tests; instead, forgetting was observed. Hypermnesia is known to be a reliable yet somewhat fragile phenomenon, appearing more often with pictures and imaginable stimuli than with abstract words, with longer lists (rather than with shorter lists), and with lengthy recall periods (Payne, 1987; Payne et al., 1996) . In the present case, short lists of words (few of which were concrete) were used. Against this backdrop, it is not terribly surprising that the present results were in line with the very similar results in Payne et al. in showing slight levels of forgetting across the three initial tests (although see Brainerd, Payne, Wright, & Reyna, 2003 , for a different pattern).
The finding of decreases in accurate recall across initial tests makes the increase in false recall across those tests all the more impressive, however. The remember judgments given on the final free recall test are also noteworthy, especially in light of the recent discussion by Hamilton and Rajaram (2003) , who observed that the free recall task, considered to be the quintessential measure of conscious recollection, also elicited Know responses that represent a failure to evoke a specific and vivid recreation of the study episode . . . Thus, contrary to the widespread assumption, it appears that a "pure" measure of conscious recollection may be more accurately provided by Remember responses and not by other measures of explicit memory including free recall. (p. 53) Note that their point of view is that remember responses represent purified recollection and that free recall, which is often also taken as such, is not made up solely of remember experiences. Only 66% of the recalled words in their experiment were given remember judgments by subjects (cf. Tulving, 1985 , whose subjects remembered 88% of all recalled words). In the present study, approximately 64% of all the recalled studied words were assigned remember responses, whereas the percent of recalled nonpresented associates given a remember judgment was about 48%. Not all words produced on a free recall test are accompanied by vivid recollection.
The present data, along with those in Hamilton and Rajaram (2003) , add to a recent, growing literature suggesting that dual-process models of retrieval might be well suited to free recall (Brainerd et al., 2003; Brainerd, Wright, Reyna, & Payne, 2002) . To summarize, dual-process theories of recognition have long held that the process of determining whether a recognition probe was previously studied or not can be driven by a fast-acting heuristic process of familiarity assessment (Atkinson & Juola, 1973; Jacoby & Dallas, 1981; Mandler, 1980) . When this process returns very high or very low feelings of familiarity, a quick decision is made. When intermediate levels of memory strength (or familiarity) are returned, though, a second, slower, more controlled process kicks in, often called recollection. This more deliberate decision process evaluates whether the evidence strength is sufficient to classify an item as having been previously studied.
In comparison with dual-process theories of recognition, the recent dual-process theories of free recall have some similarities and some important differences (Brainerd et al., 2003; Brainerd et al., 2002) . The conceptualization by Brainerd, Reyna, and colleagues under the rubric of fuzzy trace theory posits that the initial, fast operation in recall is the "direct access" operation, which "predominates at the start of output and provides direct access to verbatim traces of target presentations" (Brainerd et al., 2002, p. 121) . The second operation, "which is slower and less accurate, waxes as recall proceeds. This operation reconstructs targets by processing gist traces of the meaning content of studied lists" (Brainerd et al., 2002, p. 121) .
As was noted by Brainerd et al. (2002) , this new conceptualization offers a marked departure from classic approaches to understanding free recall. Consider the classification of the second, slower process in recognition (referred to above as recollection); it has been also referred to as being recall or recall-like (Horton, Pavlick, & Moulin-Julian, 1993; Mandler, 1980) . The implication of this conceptualization is that recall is a single process and that this process represents both one component of recognition and the sole retrieval process used in free recall.
The data in the present experiment do not provide a rigid test of the dual-process theory of free recall (nor were they designed to); they are, nonetheless, fully consistent with the idea in several respects. First, the finding of high probabilities of free recall of nonpresented words (McDermott, 1996; Roediger & McDermott, 1995) was one of the impetuses for the dual-process theory of recall put forth by Brainerd, Reyna, and colleagues. More novel is the finding that a large proportion of words inaccurately recalled on the final free recall test were labeled remembered. That is, the subjects claimed to remember the specific moment of presentation of nonpresented words that they recalled. This finding is reminiscent of the remember judgments previously seen on recognition tests (e.g., Roediger & McDermott, 1995) . Finally, the finding that not all studied words recalled were remembered (but instead, some were simply known to have been presented) is consistent with the idea that recall has two bases: one underlying vivid conscious recollection and the other a more general familiarity.
In conclusion, it appears that recall of a list of words (and by extension, repeated retellings of a story) indeed affects one's later memory. The effect is facilitative in the sense that a greater amount of correct information is produced, but this increase comes at the cost of a greater amount of erroneous information. As expressed by Henkel (2004) , Repeated attempts to remember as much information as possible involve many different cognitive processes, such as retrieving information that comes to mind readily, searching for additional information, and evaluating that information, any of which may involve imagination, embellishment, and reconstructive processes. The repetition that occurs across multiple retrieval efforts may serve to strengthen the confidence and vividness with which one both veridically and falsely recollects information. (p. 42) 
